Introduction
Studying a manifold with a certain geometric structure becomes an interesting topic in differential topology when such a structure has some stability. The local stability of symplectic and contact structures, the Darboux theorem, is a fundamental property for symplectic and contact topology. There is a well-known global stability theorem for contact structures, the Gray theorem (see [3] ): a one-parameter deformation of a contact structure on a compact orientable manifold can be pursued by using a global isotopy of the manifold. We obtain, in this paper, a theorem of this type for distributions of higher coranks. We consider distributions of corank greater than 1, each of which has the tangent bundle of the underlying manifold as its first derived distribution. Furthermore, comparing the stability of distributions of corank greater than 1 with that of distributions of corank 1, we obtain a generalization of the Gray theorem.
In the present paper, we prove the following theorem. distribution D = {D q }, q ∈ J(M, 1), is described as the standard distribution on the jet bundle J 1 (1, n − 1) introduced in Example 2.4, by using certain local coordinates, as follows. Let (x 1 , . . . , x n−1 , t) be local coordinates at a point of M. A line in T p M is characterized by slopes z i := dx i /dt, i = 1, 2, . . . , n − 1, if it is not parallel to x i -axis. Therefore, (z 1 , . . . , z n−1 ) can be considered as local coordinates of fibres. The distribution D is described by these local coordinates (x 1 , . . . , x n−1 , t, z 1 , . . . , z n−1 ) as {dx 1 − z 1 dt = 0, . . . , dx n−1 − z n−1 dt = 0}. It is the standard distribution on the jet bundle J 1 (1, n − 1). Last of all, we remark that when we take S 3 as the manifold M, we obtain a distribution of this type on a closed manifold J(
Another important example of distributions considered in this paper appears in an important Cartan model introduced in [2] , which we review as follows. The generic distribution E of rank 2 on a 5-dimensional manifold with rank(
(1.
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The distribution E 2 of rank 3 obtained as the first derived distribution of E is nothing but a distribution considered in the present paper.
In the following part, we observe the relationship of Theorem 1.1 with the Gray theorem. It should be noted that Theorem 1.1 treats distributions of corank greater than 1 although the Gray theorem treats those of corank 1.
First, we introduce a generalization of the Gray theorem. The original Gray theorem for deformations of contact structures was proved in [3] . A generalization of the Gray theorem was proved by Montgomery and Zhitomirskii in [8] . They proved that a oneparameter deformation of a distribution of corank 1 on a compact orientable manifold is pursued by using a global isotopy if the Cauchy characteristic distribution of the given distribution is preserved through the deformation. The Cauchy characteristic distribution L(D) of a distribution D is defined pointwise as follows:
where S(D) is a Pfaffian system annihilating D. The distribution L(D) is integrable according to the Frobenius theorem. Montgomery and Zhitomirskii also study a stability of Goursat flags in [8] . 
is the quotient map and Pol(S) is the polar space of S, according to Kumpera and Rubin (see [4] ). We define the covariant system and the distribution K(D) precisely in Section 4.
We remark that distributions do not always have their covariant systems. When the co-
where 
Then, there exists a family of global diffeomorphisms
When the corank k of the distributions is greater than 1, we obtain Theorem 1. The present paper is organized as follows. In Section 2, we introduce some notions and facts which we need in the proof of the theorems. Theorem 1.1 is proved in Section 3 by applying Moser's homotopy method. Since we consider distributions whose coranks are greater than 1, we need to solve a certain system of linear ordinary differential equations. In Section 4, we introduce the covariant distribution K(D) and observe the relation between the assumptions of the theorems. Then we prove Theorem 1.2 there.
Preliminaries
In this section, we introduce some notions and facts which we need in the proof of 
are pointwise linearly independent (k + 2)-forms vanishing nowhere.
the orthogonal complement of D with respect to the metric. Let V 1 , V 2 , . . . , V k be a basis of D ⊥ , and ω 1 , ω 2 , . . . , ω k 1-forms which define D and satisfy ω i (V j ) = δ ij , where δ ij is the Kronecker delta. From the assumption
never vanishes for every i = 1, 2, . . . , k. In fact, we have This contradicts the assumption. We remark that such
never vanish for any k-tuple (ω 1 , . . . , ω k ) which determines D. We prove that these (k+2)-
. . , k, are pointwise linearly independent. Suppose that the above (k + 2)-forms are linearly dependent at a point p ∈ M; for simplicity,
. . , ω k ) which defines D. However, the forms satisfỹ
This contradicts the observation above. Therefore, they are linearly independent.
Conversely, we suppose that D is determined by 1-forms ω 1 , . . . , ω k satisfying the condition in Proposition 2.1. This implies that rank
Next, we introduce some important notions in the study of distributions and dif-
In a way similar to defining the Cauchy characteristic, we introduce some sub- 
We also obtain the following result almost directly from the definitions. 
Proof. Since K ⊂ D is of corank 1 in D, and integrable, there exists a 1-form α which
(2.5)
Let X ∈ K i (D) be a vector field. Taking an interior product of X for the left-hand side of
It follows from the assumption D 2 = TM and Proposition 2.1 that
Further, we set
for each i = 1, 2, . . . , k, where " i " means "except for i." In other words, 
Proof. From the assumption, the distribution
be the class of 1-forms which define K in D, and Z ∈ D a vector field tangent to D with
we obtain 
Therefore, we obtain 
12)
for each i = 1, 2, . . . , k. Then the equality in Proposition 2.3 actually holds:
Proof of Theorem 1.1
This section is devoted to the proof of Theorem 1.1. We apply Moser's homotopy method.
Let D t be a one-parameter family of distributions of corank k > 1 on a manifold M which satisfies the assumption of Theorem 1.1. Our goal is to prove the existence of a family ϕ t : M → M of global diffeomorphisms which satisfies ϕ 0 = id and (ϕ t ) * D 0 = D t for any t ∈ [0, 1]. First, we reduce the existence of such a family ϕ t : M → M of diffeomorphisms to the solvability of a certain system of differential equations with respect to time-dependent vector fields. Next, we prove the solvability of the obtained differential equations.
Reduction to differential equations
We reduce the proof of Theorem 1.1 to that of the solvability of a certain system of differential equations. The argument in this subsection is valid for general cases. We do not need any conditions as in Theorem 1.1 on derived distributions and integrable subdistributions of corank 1. 
. . .
with respect to a family X t of vector fields, has a solution, then there exists a family ϕ t of local diffeomorphisms which satisfies ϕ 0 = id and
Proof. Note that any linear combinationω
Note that the matrix (h i,j t ) i,j=1,2,...,k is regular since ϕ t is diffeomorphic. We set
. They are families of 1-forms. Differentiating both sides with respect to t, we obtain the following:
since ϕ t is generated by X t ∈ D t . From the assumption that X t satisfies system (3.1) of equations, we have
t are families of functions. This implies that the required equation (3.2) is reduced to the following:
Therefore, the existence of families h i,j t is reduced to the solvability of the system of ordinary differential equations
where δ ij is the Kronecker delta. Equations (3.7) can be regarded as the system of linear differential equations
where " t B" denotes the transposed matrix of the matrix B, and G t is a regular (k 2 , k 2 )-matrix determined as
where
Therefore, the system of equations has a solution
We remark here that the solution X t is independent of the choice of basis {ω Then we obtain a family X t := λ∈Λ f λ · X λ t of vector fields defined on M. Thus, we obtain a family ϕ t : M → M of global diffeomorphisms generated by X t , which satisfies ϕ 0 = id
Solvability of the equations
In this subsection, we prove the solvability of system (3.1) of differential equations in First of all, we define a certain subdistribution K(D) of a distribution D. It is defined in terms of the Pfaffian system S(D). We define a covariant system associated to a Pfaffian system S ⊂ T * M according to Kumpera and Rubin (see [4] ) as follows. The bundle map δ : S → 2 (T * M/S) defined on local sections of S as δ(ω) = dω(mod S) is called the Martinet structure tensor (see [5, 6] ). We define the polar space
When the polar space Pol(S) p has a constant rank on M, we define the covariant system S associated to S as S := q −1 (Pol(S)), where q : 
Then the covariant system is obtained as follows: 
where Ω is a subset of elements of some basis of S(D). We recall that the Cauchy characteristic is defined as
is generated by a single 1-form ω, namely, D = {ω = 0}. Then we have Pol
Because of the argument above, Theorem 1.2 is proved directly from the following generalized Gray theorem due to Montgomery and Zhitomirskii [8] if k = 1. In what follows, we consider the case where k > 1. Kumpera and Rubin studied in [4] distributions whose first derived distributions coincide with the tangent bundles of the underlying manifolds. 
where the coordinates x i , t vanish at p ∈ M. 
Questions and observations
We end this paper with some questions and observations. In the present paper, we consider distributions of corank k > 1 on a compact orientable manifold whose first derived distributions coincide with the tangent bundles of the underlying manifolds. In addition,
we assume the existence of an integrable subdistribution of corank 1. 
